Abstract There are many management approaches proposed to link practices and ecosystem services. Their common aim is to improve the levels of specific ecosystem services by driving key ecosystem functions. However, an operational common grid of analysis is needed. Among these approaches, scientists have recently put forward ecological engineering and ecological intensification which provide relevant examples for building and testing a common grid. Here, we propose to integrate ecological engineering and ecological intensification into a generic framework from management practices to ecosystem services. The novelty of this framework is to consider management practices as gradients of inputs to ecosystems. Specifically, management actions are defined according to the type and level of inputs, characterized along a gradient from endogenous to exogenous inputs, and from biological to artificial inputs. Our framework highlights the importance of the interactions between management practices and natural capital properties. These interactions determine the ecosystem functions that will sustain target ecosystem services. We then show how ecological engineering and ecological intensification can be distinguished and unified within our framework. To illustrate this, we use four ecological engineering and ecological intensification case studies representing different types and levels of inputs. Our proposed framework should thus help (1) researchers to make improved assessments of the links between practices, ecosystem structure and functions, and ultimately services, and to foster improved meta-, costbenefit-and life-cycle analyses and evaluations of ecosystem management approaches; (2) project designers by improving the adequacy of their action to the specified target; and (3) managers to establish the specifications of the ecosystem management adapted to their objective.
Introduction
Ecosystem services are now recognized as a major component linking society and ecosystems and one of the key global environmental sustainability challenges for the twenty-first century. According to Costanza et al. (1997) , they are defined as the benefits derived by human populations, directly or indirectly, from ecosystem functions, which correspond to the processes that operate within an ecosystem (Wallace 2007) . Ecosystem services and functions depend on the natural capital through the structure of communities and the flow of material and energy within and between ecosystems (Costanza et al. 1997) . Natural capital refers here to the structure and composition of ecosystems and more precisely to a stock of natural components that yields a flow of goods and services (Costanza and Daly 1992) . It can present inherent (i.e. cannot be modified) and manageable properties (Dominati et al. 2010) . While there has been substantial progress in characterizing, quantifying and in some cases evaluating certain ecosystem services, their actual incorporation into governmental and private sector policies is still in its early stages (Wong et al. 2014) . Great efforts have been made to improve the evaluation of ecosystem services in different ecological contexts and for different practices in managed ecosystems (de Groot et al. 2010) . Their sustainable provision to society is the main target of different ecosystem management approaches.
Such approaches linking practices and services are manifold (Gregory and Ingram 2000; Lata et al. 2011; Barot et al. 2012; Stokes et al. 2012) . Emerging from various disciplines such as conservation ecology, restoration ecology or agroecology, the approaches aim to improve levels of specific ecosystem services through driving key ecosystem functions (Kremen and Miles 2012; Tixier et al. 2013) . Some of these approaches have sought to promote management based on ecosystem intrinsic ecological processes in order to limit costly external inputs and negative ecological effects, as well as to improve ecosystem sustainability. Many recent studies have dealt with the potential effects of ecosystem management on ecosystem goods and services. They usually focus on three main topics: the effect of specific practices on the provision of one or several ecosystem services (Snapp et al. 2010; Schwenk et al. 2012) ; the interaction, trade-offs and synergies between ecosystem services, possibly under different management scenarios (Bennett et al. 2009; Duncker et al. 2012; Briner et al. 2013; Cavender-Bares et al. 2015) ; and how biological regulation may help drive ecosystem services (Bommarco et al. 2013 ). For instance, Lafond et al. (2015) showed that forest management practices inspired from natural ecosystem dynamics (i.e. retention of dead wood and creation of gaps) could sustain wood production while better preserving biodiversity.
Among the existing ecosystem management approaches, ecological engineering and ecological intensification have proved useful for practitioners and researchers (e.g. Gregory et al. 2002; Gosselin 2008; Doré et al. 2011; Lata et al. 2011; Barot et al. 2012; Mitsch 2012; Stokes et al. 2012; Griffon 2013) and are increasingly the subject of scientific papers. Mitsch and Jørgensen (1989, 2004) defined ecological engineering as "the design of sustainable systems, consistent with ecological principles, which integrates human society with its natural environment for the benefit of both". More recently, viewed ecological engineering as "actions using and/or acting for nature". It brings together all management strategies, tools and techniques for environmental intervention, as a product of the translation of the results of ecological research applied to the field. The defined strategies are designed to mimic or to adapt the natural functioning of ecosystems to reach a target ecosystem, within an overall goal of sustainable development and with minimal and preferably biological and/or endogenous inputs. Two representative examples are the implementation of bioengineering structures made of willow cuttings that can be used to trap significant quantities of sediment and efficiently restore eroded marly gullies in a Mediterranean mountain climate (Rey and Burylo 2014;  Fig. 1 ) and the use of native plants to reduce excessive nutrients and trace element in contaminated sewage sludge (Suchkova et al. 2014) .
Ecological intensification consists of managing serviceproviding organisms or using biological regulation in agroecosystems to maintain a high level of food production (the target ecosystem service) as well as to ensure synergies with other ecosystem services (Doré et al. 2011; Bommarco et al. 2013) . It is founded upon four main principles that are directly related to management practices, ecosystem functions and ecosystem services: (1) maintaining a high level of production to cope with the increasing demand in agroecosystem products (e.g. Valentine et al. 2012) ; (2) limiting the negative ecological impact of intensification practices (e.g. Cassman 1999); (3) increasing the use of ecological processes for production (i.e. reducing mechanical and chemical inputs); (4) taking into account the provision of other ecosystem services. A typical example of ecological intensification in agroecosystems consists in enhancing forage production by using more diverse sowing mixtures in grasslands, notably by optimizing the ratio between grasses and legumes that stimulates the acquisition of nitrogen through symbiotic and non-symbiotic sources (Nyfeler et al. 2011; Fig. 1) . Although ecological intensification has been discussed until now with regard to agriculture, it can also be applied to other managed ecosystems facing comparable challenges (e.g. production forests).
The development of ecological engineering and ecological intensification exemplifies the tendency, for several decades, to adapt management practices in a more sustainable way (Pretty 2008; Barot et al. 2012) , for instance by limiting costly external inputs (i.e. fertilizers, intensive soil preparation) and negative ecological impacts (i.e. soil compaction, nutrient leaching, loss of bioturbators). Despite some differences in their historical backgrounds and objectives, both approaches share a number of conceptual pillars and objectives, such as maintaining or promoting a target ecosystem service through managing ecosystem structure and composition with potential positive secondary effects on other ecosystem services. Despite great efforts to improve the assessment of the efficiency of various ecosystem management approaches such as ecological engineering and ecological intensification on target ecosystem services, knowledge of responses of ecosystem functions to management, as well as of the links between ecosystem functions and services in this wide variety of applications, is still lacking Stokes et al. 2014; Wong et al. 2014 ). This situation calls for a common grid of analysis to promote the application of ecosystem management approaches, including ecological engineering and ecological intensification.
To achieve this goal, we suggest integrating these two approaches into a generic framework, from management practices to ecosystem services. Connections between practices, natural capital, ecosystem functions and ecosystem services are identified. The main novelty of our approach is to consider management practices as gradients of inputs, viewed as products or actions and based on their type and level: endogenous/ exogenous and biological/artificial. We then show how ecological engineering and ecological intensification can be unified and distinguished within our framework. Finally, we apply our framework to four ecological engineering and ecological intensification case studies selected from the literature and representing different types and levels of inputs. We describe its potential uses for project designers, managers and researchers involved in ecological engineering, ecological intensification and other ecosystem management approaches.
2 A generic framework for ecosystem management-from practices to ecosystem services As ecosystem services and functions depend on natural capital, which itself depends largely on management practices, it is crucial to identify the interactions between the different elements of this cascading scheme. As ecosystem deliveries rely on ecosystem functions in space and time (Potschin and Haines-Young 2011) , it is also necessary to keep a dynamic perspective of all these interactions. Therefore, to make a comprehensive representation of the relationships between management practices and the provision of ecosystem services, integrating natural capital and ecosystem functions, we propose the generic framework in Fig. 2 . Our framework focuses on how the characteristics of management practices, based on the type and level of their inputs, can influence the dynamic relationships between natural capital (i.e. the structure and composition of ecosystems) and ecosystem functions Fig. 1 Examples of ecological engineering and ecological intensification approaches. a In mountain forests, ecological intensification seeks to improve both wood production and biodiversity using mixed stands. b, d In the mountain grasslands of the Vercors massif in France, farmers seek to maintain or to improve forage production while enhancing other ecosystem services, such as honey production potential, or the aesthetic quality of their grasslands, in order to meet both agronomical and environmental objectives that can be achieved by using an ecological intensification approach. c In the southern French Alps, massive areas of bare eroded soils trigger sediment transportation that is detrimental to aquatic fauna, people through inundation and hydroelectricity dams through their silting. The implementation of ecological engineering structures made of wooden sills, brush layers and brush mats leads to sediment trapping based on plant growth and how they can target ecosystem services delivery and related trade-off or synergies with other services through cascading effects. This framework is based on three different levels of interaction from management practices to ecosystem services. Although the importance of each of these interactions has already been widely established in the literature, a holistic approach that includes all of these interactions in an operational context for ecosystem management has rarely been tackled.
The first level of interaction refers to the direct and/or indirect impact of management practices on natural capital. It is interesting to note that natural capital stocks have both nonmodifiable properties and properties that respond to land management practices, termed "inherent" and "manageable", respectively, by Dominati et al. (2010) . Different management practices may have contrasting effects on manageable properties such as nutrient stocks, biophysical environmental conditions and/or the composition and structure of communities within a given ecosystem (Parfitt et al. 2010; Teague et al. 2011) . Across many ecosystems, from grasslands to forests, numerous studies have demonstrated the importance of management practices on components of natural capital such as nutrient availability (see for example Guo and Gifford 2002; Hungate et al. 2007; Jandl et al. 2007 ); microbial, plant and animal species richness and composition (Lagomarsino et al. 2009; Sebastia et al. 2011; Andrey et al. 2014) ; functional diversity and structure (Quétier et al. 2007; Duru et al. 2014; Van Meerbeek et al. 2014) as well as spatial and temporal patterns of nutrients (Serrano et al. 2014 ) and of plant and animal traits (Deléglise et al. 2011; Wickings and Grandy 2013; Molina et al. 2014) .
The second level of interaction deals with the influence of natural capital on ecosystem functions. The effects of directly manageable characteristics of natural capital are well documented, such as nutrient availability and other abiotic soil properties that are usually managed in agrosystems and drive many ecosystem functions, such as biomass production, nutrient cycling or decomposition (e.g. Fridley 2002 ). More recently, efforts have been made to assess the importance of composition and structure of managed ecosystems on various ecosystem functions (Schwartz et al. 2000; Laliberté and Tylianakis 2012) , with particular focus on the role of species and functional trait diversity. For example, soil bacterial and fungal biodiversity (Morris and Boerner 1998; Köhl et al. 2014; Wagg et al. 2014) , patterns of species composition (Rossignol et al. 2006; Malcolm et al. 2014) , species diversity (Balvanera et al. 2006; Kirwan et al. 2007; Yoshihara and Sato 2015) , species traits dominance (Cornwell et al. 2008; Orwin et al. 2010; Lienin and Kleyer 2012) or divergence (Mokany et al. 2008; Mouillot et al. 2011) have been proved to influence one or several ecosystem functions fundamental to ecosystem services delivery, such as biomass production, decomposition, nutrient cycling or carbon storage.
Ultimately, these ecosystem functions are the foundation of ecosystem services (Costanza et al. 1997; Días et al. 2013) through the integration of direct effects and indirect processes in the food web, which is the third interaction within the proposed framework. They can control the level of delivery of a target ecosystem service (Lange et al. 2015) . So far, few papers have dealt with all the components and interactions of the cascading model presented here from management to services (but see Lavorel et al. 2011; Días et al. 2013; Grigulis et al. 2013) .
From an operational perspective, it is not crucial to assess all the cascading processes to define the correct management rules aimed at maintaining or increasing a target ecosystem service in a given context. However, the limited understanding of the processes underpinning the response of a target service to management can seriously impede the potential of generalization in other contexts (Wong et al. 2014 ).
One of the major difficulties in analysing management effects on natural capital, ecosystem functions and services lies in the lack of a common and general typology of management practices. We propose characterizing management practices Fig. 2 Generic framework specifying the connections between management practices, natural capital, ecosystem functions and ecosystems services. The framework relies on four boxes dealing with: (1) the characterization of management practices based on the type and level of their inputs (endogenous/exogenous, artificial/biological); (2) natural capital referring to the structure and composition of ecosystems; (3) ecosystem functions integrated in space and time; (4) target ecosystem services and related trade-off with other services. The full arrow represents the cascading relationships from management to both target ecosystem services and other services. The dashed arrow represents the potential interaction between target services and other services. For the sake of clarity, potential links between each box are not represented according to the category of inputs used (see for instance, Gregory et al. 2002) , which can be represented by gradients along: (1) endogenous or exogenous inputs, which refer respectively to the occurrence or absence of the product added or the action carried out within the pre-intervention ecosystem. For example, planting or seeding native species are endogenous inputs, while planting or seeding non-native species are exogenous inputs; (2) artificial or biological inputs. For instance, using chemical fertilizer corresponds to artificial inputs and mimicking natural disturbance to biological inputs. From this perspective, several situations are possible and are described in Fig. 3 .
The regulation of ecosystem functions through modifications of natural capital by management practices can thus change the way ecosystem services are provided and even change the relationships between ecosystem services. Two aspects are fundamental if a certain level of a target ecosystem service is to be achieved. First, a given level of relevant ecosystem functions needs to be attained via management, either directly or indirectly through modification of the manageable properties of natural capital. Second, ecosystem functions should display stability over space and time to ensure the persistence of ecosystem services. Hence, ecosystem resistance and resilience should be integrated as a crucial component when designing management practices (Standish et al. 2014) , with resistance as the degree to which a variable is changed following a disturbance (Pimm 1984) and resilience as the ability of an ecosystem to absorb changes of variables and parameters after disturbance (Holling 1973) . Depending on the interaction of the pre-intervention ecosystem structure with the management practice, a managed ecosystem will maintain, enhance or decrease the balance between three sets of ecosystem services: (i) primary target ecosystem services (e.g. animal and/or forage production in agriculture), (ii) ecosystem services that support the primary target ecosystem services (e.g. nitrogen fixation or pollination for forage production) and (iii) ecosystem services that were not the aim of the practice (e.g. aesthetic value or flood mitigation). As a consequence, the search for an improved balance in ecosystem services through multifunctional management perspectives and trade-off analyses can be taken into account in the definition of sustainable management practices.
Integrating ecological engineering and ecological intensification into the generic framework
In this section, we discuss how ecological engineering and ecological intensification can be integrated and more precisely distinguished and unified in our framework. One of the main differences between ecological engineering and ecological intensification is the primary target service: ecological engineering projects are frequently related to land restoration or conservation, in particular for their protection, while ecological intensification focuses on food or vegetation production but increasingly takes into account other ecosystem services (Doré et al. 2011) (Fig. 4) . Nevertheless, ecological engineering can also target ecosystem services other than protection and deal with a high diversity of ecosystem services (Brüll et al. 2011) . Ecological engineering provides direct inputs that restore altered components of the natural capital, thereby restoring ecosystem functions and services, whereas ecological intensification seeks to optimize some manageable properties To illustrate different situations, we placed examples of practices on a plan composed of two axes representing endogenous/ exogenous and artificial/ biological gradients. The four case studies (CS) described in the paper can be found in this plan according to their type and level of inputs: CS1, phytoremediation; CS2, biochar application to agricultural soils; CS3, incorporation of cattle grazing and semi-natural rough pastures to sheep systems; CS4, effect of tree mixture on stand production. The large arrow illustrates a gradient of inputs of natural capital to enhance ecosystem functions underpinning target ecosystem services such as biomass production.
The relative use over time of artificial or exogenous inputs represents another main difference between ecological engineering and ecological intensification. Considering this can show how the framework might be used to help choose the best approach for a given project such as the following: inciting to use alternative methods compared to classic ones (e.g. bioengineering instead of civil engineering), or determining cost-effectiveness ratios (Fig. 5) . Ecological engineering practices can use a large amount of exogenous input in their initial stages; this is related to the high number of projects devoted to ecological restoration where civil engineering is often used. Exogenous and artificial inputs are necessary most of the time for natural site or habitat creation from severely degraded terrains. However, when biodiversity conservation is the main objective of the actions, endogenous and biological inputs are easier to use because actions are aimed more at prevention than restoration. Current considerations in ecological engineering are prone to endogenous inputs. Contrary to civil engineering practices (Fig. 5a) , the amount of services provided is likely to increase, sometimes in the long term, almost only based on biological processes in parallel with natural capital development (Fig. 5b) . Ecological intensification will reduce the amount of artificial and exogenous inputs with time, despite a larger amount being necessary at the beginning (e.g. planting trees for hedgerow creation). Contrary to intensive agriculture (Fig. 5c) , the amount of production in ecological intensification will be increasingly based on biological processes that can promote other services such as organic matter decomposition, pest control by auxiliary species, etc. (Fig. 5d , Bommarco et al. 2013) .
Despite these differences between ecological engineering and ecological intensification, management choices are oriented to a well-balanced use of endogenous/exogenous and biological/artificial inputs, with the aim of providing support functions for services that are more efficient, resistant and sustainable over time. Ecological engineering and ecological intensification both try to maximize primary target ecosystem services and to minimize inputs. In this way, the primary target ecosystem service mostly depends on the ecosystem's own properties and functioning, rather than on exogenous inputs. Moreover, one can expect this to result in a more balanced trade-off between other ecosystem services.
4 Case studies regarding the framework for ecosystem management
Our proposed framework was applied to four case studies using these two ecosystem management approaches of ecological engineering and ecological intensification (Table 1) . These four case studies were chosen from the literature to illustrate the gradient of inputs represented in Fig. 3 . For this, we selected recently published case studies of (1) ecological engineering: phytoremediation by Ha et al. (2009) and biochar application to agricultural soils by Smider and Singh (2014) ; and (2) ecological intensification: incorporating cattle and semi-natural rough grazing to sheep systems by Fraser et al. (2014) and the effect of tree mixture on stand production by Bouillet et al. (2013) . These four examples deal with plant communities. They represent contrasting types of ecosystems (forest, grasslands, crop culture and degraded systems) as well as a wide variety of practices in ecological engineering and ecological intensification according to the gradient of inputs shown in Fig. 3 . Input types range from biological and endogenous to artificial and exogenous, sometimes with a mix of various input types. Complex situations exist, for instance regarding biochar, which is both a biological and an artificial input (pyrolysed green waste; Smider and Singh 2014). We identified the natural capital components altered in each case study (e.g. soil components, vegetation composition or plant traits; Table 1 ) and specified the ecosystem functions that were modified through each modality of ecosystem management. In the four examples, a wide variety of ecosystem services are targeted. However, in three of the four case studies, the main target ecosystem service is related to the function of primary productivity: provisioning services such as the production of food or wood products. Two case studies focus on only one particular ecosystem service: either regulating service (for ecological engineering, waste detoxification; Ha et al. 2009 ) or provisioning service (for ecological intensification, wood product yield; Bouillet et al. 2013 ). The two other papers directly refer to a wider variety of ecosystem services: regulating, provisioning and supporting either in a context of ecological engineering (Smider and Singh 2014) or ecological intensification (Fraser et al. 2014) . This supports the growing consideration for multi-service assessment through the evaluation of tradeoffs between different ecosystem services.
Overall, despite the differences in terms of the type of ecosystem considered and the ecosystem management approaches/practices applied, these four case studies have successfully been integrated into our generic framework. This framework also illustrates the usefulness of explicitly incorporating natural capital, as an important mediator of ecosystem management approaches. Ultimately, this demonstrates the generic character of the proposed framework that can be applied for a variety of target ecosystem services, as well as for different ecosystem management approaches such as ecological engineering and ecological intensification.
Conclusion
The framework we propose allows an overview of management practices and ecosystem services by (1) specifying direct and indirect effects between ecosystem functions and ecosystem services, (2) integrating space in time for interactions between ecosystem functions and services, (3) distinguishing manageable and inherent properties in natural capital stocks and (4) specifying the inputs with endogenous/exogenous and biological/artificial gradients.
It should enable identification of differences as well as similarities between various ecosystem management approaches and thus provide opportunities to achieve more generic and operational knowledge on the functioning of managed ecosystems. First, our approach should help researchers to assess the responses of ecosystems depending on the management practices, the efficiency of the latter in providing ecosystem services, as well as the links between ecosystem functions and services. It should also help them quantify potential positive impacts of specific and adapted practices and land uses. For instance, it allowed unification of ecological engineering and ecological intensification by highlighting common processes from management practices to ecosystem services. Finally, the framework will provide practical help to researchers because the identification of individual components for different projects and studies may favour future meta-analyses, cost-benefit analyses and life-cycle analyses and evaluations.
This could help project designers when recommending actions for a specified target. They will be able to quantify more accurately the inputs to be used in a project, ensuring the use of increasingly endogenous and biological inputs. Therefore, practitioners will be able to adapt their prescriptions, with a view to improving sustainability of ecosystems as well as ecosystem services, assuming that changes in land use and practices can increase the quality and the compromises between services.
Finally, this should help managers to recognize the benefits, as well as the costs, of actions of ecological engineering and ecological intensification. Cost-benefit analyses could then allow these actions to be compared with classic analyses, as in civil engineering and intensive agriculture. Benefits can Fraser et al. (2014) B o u i l l e t e t a l . ( 2013) be economic but also social or ecological. This would be the case, for instance, in terms of land being attractive to people. For example, a remediation action seeking to clean polluted soils will have an advantage if it is considered to be an action of ecological restoration. Managers should also be able to quantify more accurately the expected services in their ecological, social and economic dimensions. It should be easier for managers to define the objectives of an ecological engineering or ecological intensification project and to impose constraints for the use of inputs. All this promotes the development of methods to assess the efficiency of ecological engineering and ecological intensification projects. The benefits could therefore be better evaluated in their ecological purposes (biodiversity in particular), as well as in the nature and the significance of the endogenous and biological inputs used.
